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' .
AN INVESTIGATION OF COTTON FOR PARACHUTE CLOTH

By Wm, D,:Appel and-R., X, Worner
Sumnpary -

This is a resumé of the work of the Burean of Stand-
ards on a cotton parachute cloth for use as a substitute
for silk in the event of an emergeuncy curtailing the sup-
Ply. Cotton yarn of high strength in proportion to its
welght and’ otherwise specially sultable for parachute
cloth was developed Cloth woven from this yarn in the
bureau mill wab equal or superior %to parachute silk in
strength and tear resistance, met the requirements with
respect to alr permeability, and weighed only a few tenths
of an ounts per square yard more than the silk cloth,
Practical trials of cotton parachutes carried out by the
Yavy Department clearly indicate that the cotton parachute
closely approaches the silk parachute in performance as to
rate of descont, opening time, strongth and ability *to
function when stored in the pack for sixty days. The in-
creasce in wolght of the equipment resulting from the use
of cotton cloth instead of silk is considered to be well
within practicable limits, A4 specification for cotton
parachute cloth and the way in which the requirements of
the specification have been met are giveon.  Cotton yarns
sultable for parachute cloth are now being woven commor-
cially in the United Statos,

Introduction

The doveclopment of a parachute cloth made from mabte-
rials grown in the United States was undertaken by the
Bureau of Standards late in 1924 at the request and with
the financial assistance of the National Advisory Committce
for Aeronautics. At that time imported silk cloth was gen-
erally considered to be the only reliable material for the
construction of parachutes, The purpose of the project
wase to develop a cloth from domestic materlals for use as
a substitubte for silk in tho event of an emergency cur-
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tailing the supply. This object was attained and the work
was concluded in 1930. A review of the investigation and
the principal results are given in this report,

Preliminary to the search for substitutes, in cooper-
ation with the Bureau of Aeronautics, Navy Department, and
the Silk Assoclation of America, Incorporated. & conmpari-
gon was made of silk cloth woven in the United States with
that imported from abroad. Contrary to the gonvrel belief,
cloth woven in this country was found to be egual or supo-
rior to the imported. This result at oncg mado it safo
for thoe military sorvices to use American silks for para-
chutos and, since a certain amount of raw silk is always
in e¢tock in the silk mills of the country, lengthened the
time between a fallure of the supply and an urgent need
for a substitute, A report of the tests of silk parachute
cloth submitted by the Silk Association of America has besn
issued in mimeographed form, (Reference 1,) VWo further
mentlon need ho mado 6f this part of tho work,

The proporties of the silk cloth which practical ex-~
perioncoe in the military services had shown to be satis-
factory wero takon to be those requiroed of a substituto,

A brief discussion of those propertios is given in tho fol-
lowing pagos.

Adequate test methods for permeability to air or po-
rosity, and elastic properties had to be developed in the
course of the work, Descriptions of them have been or are
about to be published elsewhere., Accordingly, they will
be referred to here only briefly.

Silk, such as is required for parachute cloth, is not
produced commerclally in the United States. Of the possi-
ble domestic substitutes, cotton appeared best to answer
all requirements. The work was directed largely toward the
development of cotton yarns and cloth approaching parachute
silk in proportics. In order to give cotton elastic prop-
ortios simllar to silk the offect of dopes and othor im-
pregnations was studied, Mercerization and other chémical
troatments also received attention. A simple scour in al-
kaline soap solutlon couplod with extraction with alcohol
and othor was found matorially to increcase the ratio of
strongth to woight.

Yarns fine enough for a fabric of the strongth and
weight desirod could not be obtained in the United States



when the work was started, It was therefore necessary to
spin suitable yarns in the. Biyresu of Standards cotton mill,
This work led finally to-yarns of ‘very -high strongth in
proportion to their woight and otherwise spocially suita-~
ble for 'cotton parachutc cloth.- fhe boét yarns produced
cloth equalling silk in strengtn, tear resistance, and air
permeabillty and weighling only a fow tenths of an ounce
per squaro yard more than the silk cloth, During.the past
Year or two, yarns of this high duality havo been prodihced
commerciaglly in theo United States =hd are now availadble,
taus answoring the principal object of the work,

" MIll studlies condicted in- cooperation wilith the Buroau
of Aoroneutics, Navy Dopartmont wore ‘dirocted toward find-
ing weéaves of high tear rosistance as well as high strength,
The resulting -weaves are proving to be of special intorost
for fabrics for lighter-than-air craft. A roport om this
phaso of the wor& ig in course of preparation.

. Practical trials of cotton parachutes made from cloth
produced under this project werse carried out at Lakehurst,
New Jersey, by the Bureau of Aeronautics, Navy Department
Although the cloth was not equal to that later manufactured
in the Bureau of Standards mill, the parachutes functioned
in most respects nearly if not gqulte as well as the silk
paracnutes, The resulis of some of these practical trials
are given in this report,

As a final oubtcome of this study, a specification for
parachute cloth that can be made from domdéstic cotton yarans
is offered, Tho way in which cotton cloth meeting this
gspocification was mado ‘in the Buroau of Standards mill is
indicated.

* Properties of Silk Parachute Cloth

At the beginning of thie study and even now there is
no adequate theoretical or experimental basis for the lim-
its of ftolereonce permisslible in a specification of the
Physical properties of parachute cloth., The Army Air Serv-
ice specification for silk for parachutes was based on the
“imported cloth which had proved to be satisfactory in serv-
‘ices The essential requirements of this specification were
taken to be those reguired of s substitute., They are list-
ed in Table I. It will be noted that there were mo require-
ments for air pormeability nor for olastic properties though



these. were no .doubt limited by the requirements that the -
_ cloth be made of b01led—off gilk and of a specified number
of threads per inch, warp and filling,

It was considered that the natural resiliency of the
8ilk alded materially in the rapid ejection of the para-
chute from its pack when releascd. One of the first stoeps
in the work was to attempt to improve tho elastic propor-
ties of cotton.. Lator on the need for high resiliconcy be-
came somswhat less. urgent because mochanical means of ejec-
tion were developed.-

A report of the work on the propsrtigs. of parachute
cloth winich -also .2ives the methods first devised for meas-
urlng air. permeability and elastic propertles hasa alrea&y
been published, (Reference 2,) Accordingly, this subject
need not be elaborated .nere. . -

As ‘this project progressed and as a rosult of parachute
studies carried out by .the Army and tho Navy Alr Sorvicos,
the spocifications for silk parachute cloth wore rovised
from time to time. The properties at presont desired in
tho substitute parachute cloth ares glven in Table I, The
elastic pronertles of tho silk are still considere& dosir-
able.

Methods of Test

The methods employed for the determination of welght,
breaking gtrength and stretch are standard procedures used
in many laboratories for testing cloth. The "strip" meth-
od for breaking strength is used in preference to the
"grab" method., (See reference 2 for the details of the
‘method,) The breaking strength is the load in pounds re-
guired to break a strip of the cloth one inch wide under
prescribed conditions. Tho amount of stretch when the
cloth is loadod to the breaking point or to some intormo-
diate load is exprossed as tno porcontage of the original
length of thoe samplo, Tno wolght of the cloth 1is the
-weight in ounces por sguare yard,

ITwo different methods have been used for the determl-
nation of tear resistance., The so-called modified tensi-
. bility method used in the earlier . experiments is described
in the report by HUcHicholas and Hedrick. (Refwrence 2.)
Because of the preforenco of the military services, the

1
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strip-tocar method was usod in later oxperiments, It is de-
scribed in U. S, Army Air Sorvice Spoecification No. 7=8, of
May 5, 1923, as follows: "A spocimon 3 iaches wids and 8
inches long is cut 3 inches down the conter, 15 inches from
each edge. One cut end is placed in one jaw of the test
machine and. the second cut ond is.-placed in the second jaw
of the test machine. Resistancoe to tear ls measured by
the tension necessary to barely continue the tear started
by the separation of the jaws, The pendulum. of the test
machine shall be froe to oscillate during tost. All %tear
"rosistance valuos reported herc wers made by the strip-tear
method, . :

The first method for .measuring recovery under flexure
devised in connection .with this project is described by
McNicholas and Hedrick, (Reforence 2,) A speocial instru-
ment for accurately moasuring stiffness, recovery from
flexure ("resiliency"), and "creasability" of cloth was de-
'veloped Tater by Schiefer, Iy is called the flexometer
and ig described in a paper which has been prepared for
publlcatlon by the Bureau of Standards., The senergy in srgs
required. to fold a .sample and the energy recoverable on un-
folding are measured, The flexometer is particularly suit-
ed for evaluating the tendency of parachute cloth to spring
outuar_regover its original form when.folded for a period
Qf_timé; as it is when packed ready for use, +

The apparatus for measuring air permeability described
by McNicholas and Hedrick (reference 2), has been .supplant-
ed by a new and improved zpparatus which is described in
the ‘Bureau of Standards Journal of Research, (Reference 3,)
It.is portable, self-contained, and has several advantages
over that previously used, The Army Air Corps is now using
this apparatus for testing parachutes and U. S. Army Spec-

. ification No6. 16066 for "Special Parachute Fabric'" contains
an air permeability requirement, Alr permeadbility is re-
‘ported in cubic feet of air which will flow through the
cloth per. square foot of area per minute at a pressure dif-
ference bstween the two sides of the cloth of 0,5 inch of
water, The air permeability at other pressurse differences
"is somgtimes reported This must bo taken into considera-
tion in comparing data,
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“s 't Cotton Yarne for Parachute Oloth

Effeoct of dopeS.- Cotton yarn that 18 comparable to
'silk in weight is much weaker, In order to increase the
‘strength of cotton yarn and to make it more 1like silk in
elastic properties, a study was made of the eff ect of var-
"ious dopes applied to cotton yarns., Rubber coatings wore
tried but they showed 1ittle promise, Tne dopcs were solu-
tions of cellulose acetate or nitrate alone and in combi-

“thatlion with resins and softeners, Kauri, Canada balsam,

and Voenice turpontine were thoe resins, diethyl phthalate
and triphenylphosphato the softeners used, The dopes were
"applied by dipping. In general, doping materially in-
creased the strength of the yarns without affecting the
stretch, Softeners increased the pliability of the doped
yarns, Resins when used alone made the yarans stiff, In
combination with cellulose esters and softencrs, however,
they gave the strongest impregnations. The increass in
strength was offset by an increase in weight. Judging
from the behavior of a doped cotton parachute (See section
on "Practical Trials of Cotton Parachutes?), no advantage
was gainad by this treatment,

Mercerization,~ 4 few experiments on mercerization
woere carried out with the object of increasing the strotch
of cotton yarn, Variations in the mercerization proceduro,

" the twist of the yarn, and the pretroatmont of the yarn

" were studiled with reference to strength and stretch. This
work was by no means exhaustive, In conjunctlion with the
‘work on pretreatment and spinning of the yarn, described
"in the following paragraphs, it led to the conclusion that
satisfactory results can be obtained with a mercerizing
“procedure similar to that used in the industry. Some of
the experiments indicated the possibility of mafterially in-
creasing the strength of the yarn by mercerization, 4 spe-
clal study of mercerization by the Burean of Standards and
the National Advisory Committeo for. Aeronautics with a view
toward inoreasing the strength-weight ratlio of yarns is now
in progress., Some experimental data on the changes in the
varn produced by mercerization both in the laboratory and
in commercial plants are given in the discussion of yarn
pretreatment,

Pretreatment.- The preparation of the yarns for mer-
cerization led to further experiments on pretreatment,.
In the usual commercial pretrcatment, the yarn is boiled in
an alkaline soap solution in a closed vessel undsr pressure

A
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(kier boiled). This process removes some but not all of
the waxes and other foreign materlals from the cotton.

In order to remove these materials completely and with tlae
‘hope of obtaining cotton yarns of minimum weight for a
given strength, various alkaline soap treatments and ex-
traction of the yarn with solvents were tried. The best
results wore obtained in the laboratory by extractiang the
yarns with othyl ether and denatursd alcohol, boiling for
g8ix hours in a 1% sodium hydroxzide solution containing

5 % olive. o0il soap and rinsing thorouvegnly, mercerizing in
35% potassium hydroxide solution for 10 minutes at 0O to
go’ C .and rinsing thoroughly. The properties of a 160/2
cottén yarn so treated are compared with those of yarn tak-
en from parachute silk in Table II. The cotton yarns may
be seen to be comparable to the sllk in strength, stretch,
and strength-weight ratio. ’

Having found out how to make cotton yarns conparadbls
to silk, 1t became necessary to process a sufficient quan-
- tity for weaving experimental cotton parachute -c¢loth, The
facilities .and .the cooperation of a commercial plant were
obtained, Over.1l00 different experiments were carried out
in-this plant. .The result was that the laboratory proced~
ure was modified somewhat to make 1t commercially practi-
-cals The best. plant experiments increased the strength—
weilght ratio 58 per cent. SR

Yarn constructlon. In order to make a clotn from cot-
ton having the low': weight and high streéngth of parachute-
- 8ilk, i1t 1s necessary %o use fine yarn which can be spun
only.from the longer staple cottons. At the time thisg-
study was undertaken such yarn could not be obtained in

. this country. Most of the preliminary work on doping,

mer¥cerizing, and pretreating already described was 'carried
out with cotton yarn spun in England, probably from Egyp-
tlan cotton,.: ' '

The most satlsfactory kind of cotton for the purpose,
"Sea Island' cotton which formierly grew in the coastal re-
glons of North and South Carolina, Georgia, and Florida
was nearly exterminated in 1925 by the ravages of the cot-
ton bPoll weevil. "Arizona Pima" cotton appeared to bs the
next best domestic variety and & bale of it was obtained
and processed in the ‘buresu's mill, The staple length of
this cotton was 1-9/16 inches., : '

A consideration .of the requirements of parachute cloth
l1ed to the selection of 160/2 yarn, This ply was chosen in
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order to obtain the desired resistance to tear; the high .
count to glve a close, smooth cloth which would not be
bulky; the amount of twist in the yarn, both .single end ply,
to give the greatest strength., That the yarn constructlion
was satisfactory is indicated by the outcome of the study.

The Pime cotton was spun into yarn of this description.
The yarn turned out to be rather neppy (that is, containing
little Znotsg of tangled fibers), dut its strength-woight
ratio was 10% higher than that of the British yarms ob-
tained for the preliminary work, One lot of this yarn was
then sent to a commercial plant and given the preliminary
treatment and mercerization already described, This treat-
ment resulted in an over—all increase in the strength-
weigcht ratio of 34% This yarn was then woven into fabrics
as deseribod in tne next section where it is referred to as
buresw yarn. .

In the risantime dovelopments having an important vear-
ing on this project werc taking place in the Amorican cotb-
ton industry. Sea Island cotton agein bocame available,
Although not a pure strain of the original stock, it is
long in staple and’ guitable for 'fine yarns. It is grown
in the West Indles and on the islands off the coast of the
southern states of South America. Some of it comes from
American possessions or dependencies and since it can be
and 18 being grown in the United States, it is a domestic
product, At least two Americen 'spinners -of fine yarns be~
came interestod in producing-yarns as fine as 160's of high
strength and such Americen yarn is now on the markeb,

After cloth made of the burcau yarn was wovon and cof-
ton parachutes made from a numbor of experimental fabrics
woro tosted, it was possiblc to write a spocification for
an Amorican—made cotton yarn suitable for parachutws,

Such yarn has, in fact, been purchased in lots of <40 pounds
at two different times. The requirements as stated in the
invitation for bids, followi "160/2 dry-twisted, ungassed
mercerized yarn made from Sea Island cotton, the single
twist to be about that obtained with twist multipllier 3.5
and the ply twist to be about 38 turns per inch, The yarns
to be of the best commercial gquality and to be uniform in
sizo and strength, the breaking etrength to be not loss
than 200 grams,! : '
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Cotton Cloth for Parachutes

The possidility of making a cotton cloth weighing
legs than 2 dunces per square yard and having the other
desired characteristics, appeared to be remote, It is
true that cloth of this weight is readily obtainable with
commercial cotton yarns., In order to make a cloth weigh-
ing not more than 2 ounces with a breaking strength of 40
pounds, yarns of good quallty must be used, Such cloth
has becen an article of commerce for some years. 1t dif-
fers from silk parachute cloth especially in tear resist-
ance aund air permeadility, The problem thus resolved it-
self into a search for a means of increasing tear resist-
ance ard controlling air permeadbillity without adversely
affacting other properties of the cloth. ZExperimental
gtudies of cloth constructions were undertaken for this
purpose,

The preliminary study of weaves with special refer-
ence to tear resistance which was made by the Bureau of
Standards in cooperation with the Bureau of Aeronautics,
hasg a2lready been mentioned, Cloth was woven from one lot
of yara in 44 different weaves. A summary of the test re-
sults for a2 few of the more interesting cloths reduced to
a comparsbleo basis and expressed as a percentage of the
result for the plain woven cloth are given in Table III.
This table shows that it is quite possible materially to
inerocase tear rosistance dy proper seloction of wsaves,
Thoso weavos which permit the yarn greater frecdom of mo-
tion when toaring stresses are eppliecd to the cloth and
thus permit the load to bo carried by more yarns, give
hizhor toar resistance. Thisg is woll illustratod in bas-
kot woavos whoro two or more yarns are woven togethner,

In such fabrics a greator longth of the yarn floats on the
surface betweon the interlecing, If those floats are mado
too long a cloth with a surface which will catch or snag
or othorwise be objoectionable, will be produced,

Another method of increasing tear rosistance is %o use
stronger yarns., This fact lod to tho soclecction of two-ply
yarns, Highor plies do not appear to be at all practica-
ble.

A third method of increasing tear resistance liles in
the selection of yarns which, because of their high
stretch, will allow a distribution of a tqaring_strgss
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over ssveral yarns, The possibilities in this direction
are limited when cotton yaras are used.

. ‘Subsequent to the developmont of satisfactory yarns
and the preliminary study of tear resistance, a quantity

of cloth was woven from the bureau Pima cotton yarns, Some
of thls cloth was woven from the gray yarns and was then
mercerized, boiled out and extracted. Some wgs woven from
yarns which had firsgt been through these treatments. BRe~
cause of the difficulties incident to the processing of
smell samples in full-scale equipment, none of the result-
ing cloths were egqual to those producod in the laboratory.

While these cloths were being processed, conuercial
HH balloon cloth in sufficient gquantity for tho construc—
tion of parachutos was also glven tho trcatuonts sugzosted
by thoe laboratory experiments., Teosts of parachutes made
from thig treated cloth are described in the next scection.

At thie time, good quality commercial yarn of Sea Ia-
land cotton became available. After a number of experi-
monts, sufficient yarn was purchased and a series of senm-
ple cloths were woven in order to find the optimum con-
struction for a plain woven cloth and for a cloth of high
tear resistance. This was a matter of adjusting thread
count, ply, twist of yarn and weave. 4n extensive study
of the e ffect of finishing processcs, such as singeing,
soaping, shrinking, calondoring could not be undortaren,
but 1t was found desirablc to wash out tho small amount of
sizing put in the warp yarns beforoc woaving and to calon-
der the cloth,

Results of tests of several of the most promising ex-~
perimental fabrics are given in Table IV, For purposes of
comparison, the requirements of 8ilk cloth for paraclhutes
are also given, It will be seen that each of the require~
ments for the silk can be equaled or excoeded in cotton.
cloth, but that to equal all of them in tlhe game cotton .
cloth requires a very carefnl adjustmont of constructions,
In fact, it has not been possible t9 roduco the weoight of
the cotton cloth to that of tho silk end st1ll wmoot tho
roequiremonts, Cotton cloth woighing only & fow tontus of
an ounce more than the silk and otherwise egual to it has
been made,

e strength and tear resistance required coupled with
a low weight were obtained through the use of the 2-ply
160!'s Sga Island cotton yarn. The tear registance was fur-
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thur increasod by -using any one of sevoral weaves iastcad
. of the pleain weavo, ' However, this led to a cloth much too

high in air permeoability, Ian fact, thse alr pormeability
of the plain woven cloth is inclined to bPo high, This can
be overcome in part by the use of dry, twisted, ungassed,
that is, fuzzy yarns, and in part by decreasing the ply
twlist of the yaran. The decrsass 1in twisgt, however, may
.10t be carried too far for the strength is also decreased,
The cloth can readlly be closed up by wusing single yarns
but the tear resistance is then lowered.

It was found that the air permeability can be decrsased
by calendering the cloth. In.order to determine the perma-~
nency of the effect of calendering, sanples of thes calen-

. .dered cloth were wet with water and manipulated and

stretched by hand., dried and again tested, The air per-
megblility is increased by this treatment but not to that
of the original uncalendered cloth Similar tests of a
piece of regular parachute silk showed that it also is af-
fected somewhat by.-wetting and manipulation. These exper~
iments suggest that the cotton parachute cloth should be
calendered sufficisently %to bPring the alr permeability well
below tho upper limit of tho specification,

Practical Trials of Cotton Parachutss

In ordor to detormine the rolative merits of the pro-
posod finishing processes, troatod cloth_was submitted to
the Navy Departmont for manufacturo into parachutes and
for service tests., At tho ssmo time, several typos of
commorcial cotton cloth werc made up into parachutes and
tostods The tosts were carried out at the Naval Air Sta-
tion, Lakehurst, Wew Jerscy, by tho Buroceau of Aeronautics,
and tho results roeportcd under roforence No. NA/4 ¥43 of
July 29, 1930. Tho clothg are listod and their propertios
givon in Tablo V. Tho rosults of the tests of tho para-
chutes arc givon in Tables VI, VII, and VIII.

With tho oxcoption of the X X cloth and tho doped
cloth No, 41, all of the cotton paracuutes porformed well
in comparison .with standard. silk parachutes, The doped
cloth made the poorest showing. Doping appesars to be not
only unnecessary but undesirable. Tae parachute made of
K X cloth, which had low breaking strengith, showed re-
merkable resistance fto destruction., The high alir psrmea-
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bility of the I X cloth resulted in a2 more rapid descent

of .the parachute and sloéwer opening time, TFor this reason,
the X X cloth is not satisfactory for parachute construc-
tion, However, tho resulis obtained suggest the desira-
bility of studying the design of parachutes to be made of
more porous cloth, .

The effect of storage on the functioning of cotton and
of silk parachutes which have been packed and stored for
sixty days, is indicated in Table VIII, It will bo noted
that there is 1little difforence between the cotton and the
8llk parachutes,

The data obtained from these tests clearly indicate
that the cotton parachute closely approaches the silk par-
acante in performance as to rate of descent, opening time,
strength, and ability to function when stored .in the packed
condition for sixty days. The increase in weight of the
equipment resulting from the use of cotton cloth lnstead
of silk is consgidercd to be well within practicable limlits,
The cloth woven since these testg woere carried out is su-
perior to that frowm which the cotton parachutes wore madoe,
particularly with reference to alr permeability and tear
rosistance and should therefore have a wide margin of '
safety,

As cotton parachutes have been in use for some time
by commercial aviators on account of their lower cost, the
resulte obtained from this investigation will be rsassur-
ing to them, while the military services, which use silk
exclusively, are assured of a domestic source of supply
in cages of emergency.

Specification for Cotton Parachute Cloth

The following requirements are suggested for a speci-
fication for cotton parachute cloth that can be made from
domestic commercial yarn: weight 2 ocunces per square yard;
breaking strength, strip method, 40 pounds both warp and
filling; tear resistance, strip method, 4 pounds both warp
and filling; air permeability 80-140 cublc fect per minute
per squaro foot at a pressure diffeTronce of 0.5 inch wator,.
Further, this cloth should be free from sizing or finlsh-
ing nmaterials, Its properties should not be adversely af-
fected by wetting and drying, or agiag under ordinary
storage conditions, )
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It will be noted that the kind of cotton, the size,
ply, and twist of the yarn, and the tihread count of the
cloth are not specifled, It is believed that the manufac-
turer should not be hampered by nonessential reguirements
of this kind,

As a guide to the manufacturer, the following resumé
of the way in which the reguirements of the specification
lave »eon metbt is given. 160!'s two-ply, dry-twisgtod, un-
gassocd, morcorized yarn made from Sea Island cotton was
used, The single twist was about that obtained with twisast
multiplier 3,5; trhat is, 44 turns per inch and the ply
twist was adbout 38 turans per inca. Such yarn whean well
made, has an average breaking strength of 200 grams or bet-
ter (single strand method), The same yarn was used for
warp azd filling, The warp beam was sized with a 2% solu-
tion of & commercial modified starch. The cloth was woven
38 incnes wide in the loom with 100 warp and 1C0 filling
threads per inch., It was treated with Doiling water for

E minutes without tension, tentersed to o width of 36
incres, driod, and calendored rather lightly. Tho thread
count of tho finished cloth was 110 wearp and 108 filling,
Thoe air pormoability of the cloth from the loom was 280
and this caanged to 135 whon tho cloth wes wot out, drioed,
and calcndorod, Tho streagth and tear resistance of the
finished cloth exceeded the requirenents of the spocifica~
tior given above. Tho weight was 2,1 ocunces per sguare
yard and the air permeoability was within the prescribed
limits, '

Buareeun of Standards,
daskington, D, C.,
June 17, 1931l.
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TABLE I
Requirements of U, S, Army Air Service
Specification Ho., 7~-8, MHay 5, 1923
Silk for Parachutes and the Properties at Present

Desgired in the Substitubte Parachute Cloth

Silk Substitute
T.S. Army Spoc, desired
May 5, 1923 1931
Weight
OQunces per sqguarc yard 1.5 260
TPolorance 0.1 any minus

Breaking strength
Strip mothod, 1%.

Warp 40 40
Tolerancs -5 any plusg
Filliag 50 40
Tolerancse -5 any plus

Air permcability
Cueft,/min,/sq.ft. at .
0.5 in. wator pressure 80 to 140 ine,

Toar resistance
Strip method, 1b,

Warp 4 4
Tolerance -1 any plus
Filliag 6 4
Tolerance -1 ’ any plus

Threads per inch

Warp g0 -
Tolorance +50
Filling : 90 -

Tolerance +50
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TABLE

II

Comparison of Treated Cotton Yarn

with Parachute Silk Yarn

15

Breaking|Stretch| Weight Strength
Yarnan streugth per yard | divided by
grams % grams weight
Gotton 160/2
35 turns per inch
gsingle
25 turns reverse
doubling 198 2,0 0.0070 28500
Parachute silk HAN
Warp 53 9.1 0.0034 15500
Filling 245 10.6 0.0084 29220
Parachute silk "sY
Rarp 238 10.,5 0.0093 25600
Fillling 163 9,9 00,0068 24200
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TABLE III
Relation between Weave, Strength, =and Tear Resistance

Toest results have been reduced to a comparable basis
and expressed as the percentage of the resulte obtainsd
with plain woven cloth from the same yarans, Only a few of
the more promising constructions are given, TLabter studies
led to the selesction of a combination of the plain and
basket weave,

Strength/weight [Tear resistance,

Weaves warp filling
per cent per cent
Combination of zigzag and
ET broken twill 98 152 139

Combination of 4 ends
plain weave and 8 ends

of lg pointed twill 99 141 128
4 harness sateen weaving
1-3-2~4 g5 174 150

Combination of 8 ends of
lg 459 twill and 4 ends _
of 1-2-4-3 sateen 94 159 139

Granite weave derived
from gg twilled basket

znd lg twill weaving

1 1 2 1 . 93 144 144
1 1 2 3
2 o .
£ 45° twill 90 133 122
Mock leno 83 207 161
2_ pasket, 4 picks 82 185 194

2




Resultg of tests of several of the more promising
clothes made from cotton yarns.

IT.A.G.-A-Q

Technical Note XNo.

TABLE IV

393
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Requirements of silk par-
achute cloth are given for comparison.

Alr Tear Threads
Cloth Wolght | Strongth | permoa- regist-| per inch
designation|oz. por| 1b./in. | bility ance
sqeyd. cu.fts/ strip
min., per method
Sq_.ft. 1b.,
at 015 inl
water
W F pressurse W k) W r.
3438 2,2 50 45 65 4 122 | 104
4.0A 2.3 48 a7 276 12 |11 120 | 120
403 2,5 50 50 114 13 |10 132 | 120
437% 1.8 37 37 184 6 5 98 93
447 2,0 |40 | 45 136 6 | 4 | 106|104
Army Spec,
¥o. 16066
1/7/30
silk 1.5 40 40 80-140 4 4
Navy Spec.
Yo, 2759
12/1/30
silk
plain weave 1.55 | 45 45 3 4
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TABLE V

18

Cotton cloth used in parachutes tested at the Naval

Air Station,

July 29, 1930,

Lakehurst,

and reported under NA 4/F43,

Identification
No.

Weight
0Z,

sqg.yd.

Thread
count

W B

Tensile
strength

b F

Tear
resist-

ance
W F

Air
permea-—
bility*

34
Alcohol ex-
tracted, de-
gized, kier-
bollsed and
mercerized

36
Samns as 34 but
not mercerized

37
Commercial al«-

cohol extracted,

desized and
kier-boiled

38

2e3

Commercial azlco-

hol extracted,
desized and
kier-~boilsd

41
Same as 34 butb
also doped

KK
Commercial not
treated

2.0

le3

143 | 150

136 | 151

165 1172

143 | 160

143

146

130} 130

51

49 | 39

52 | 47

43 | 38

40

62

23 | 21

42

73

35

77

39

220

*Air permeability is expressed in cubic feet per minute
per sguare foot of fabric at 0.5 inch water pressure,
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TABLE VI

Results of dropping tests of cotton and standard silk
parachutes with 200-pound load, made from an airplane trav-
elling 100 miles per hour at an altitude of 1000 feet.

Cloth Time of release Time of relsase
deslzgnation to full open to ground
seconds seconds
34 2 59 )
34 1 4/5 43
34 2 41
36 2 42
36 2 1/5 34
37 2 1/s 47
37 2 3/4 39
38 2 1/5 44
38 2 3/4 46
41 3 1/5 _ ©o4)
41 2 1/5 ~ 47
41 2 2/5 49
EX 4 2/5 39
KK 3 33
KK 4 2/5 33
Standard 2 2/5% 47%
silk

*Average of 10 drops.
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TABLE VII

No. 393 20

Results of dropping tests of cotton and standard silk
parachutes with varying loads, made from a kite balloon,

at an altitude of 1000 feet,

the basket.

The trip was 330 feet below

Time of relsase to trip was 4 4/5 seconds,

Cloth Load Time of Time of
desig- 1b, | release to | release to R X
nation full open ground emearxs
: seconds seconds
34 200 6 3/5 28
" 250 6 2/5 24
t 300 6 20
L 350 5 2/5 25
" 400 5 4/5 30
" 450 6 25 Destruction complete
36 200 6 1/5 28
L 250 B 1/5 23
L 300 6 21
" 350 7 13
u 400 6 20
L 450 6 21
" 500 6 1/5 14 Destruction complete
37 200 6 3/5 26
u 250 7 1/5 18
" 300 6 23
" 350 5 3/5 22
i 400 6 24
L 450 5 4/5 20
" 500 6 2/5 12 Destruction complete
38 200 6 1/5 29
1 250 7 8 Premature release
8 300 6 18
" 350 5 4/5 24 .
" 400 6 1/5 23
" 450 6 1/5 23
" 500 6 2/5 10 Destruction complete
41 270 6 1/5 34
41 250 6 20
" 300 6 2/5 31 Destruction complete
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| TABLE VIII . - __ e

R . __ . N = -
e A — - . - -

- —=

""‘"\_' o e ———— e e . . -
R L~

T =
‘Results of dropping t€sts of cotton and standard‘ﬁllk“”~+~
parachutes which had been packed and stored for slixty days.
The parachutes were dropped from a kite balloon at an al-
titude of 1000 feet. Tne load was 200 pounds, They wore
tripped 120 feet Dbelow the basket, Timo of roloase to
trip 2 4/5 ‘seconds,

Cloth Time of .relsase Time of release

designation to full open to ground
- seconds seconds

34 . 4 44

36 4 1/5 - : 33

37 4 2/5 39

38 4 S _ 49

41 4 49

KX 4 3/5 | 40

Standard 4 32

sillk




